However, little information exists about the effects of high-input management on soybean yield and profitability. The purpose of this study was to investigate the effects of individual inputs, as well as combinations of inputs marketed to protect or increase soybean seed yield, yield components, and economic break-even probabilities. Studies were established in nine states and three soybean growing regions (North, Central, and South) between 2012 and 2014. In each site-year both individual inputs and combination high-input (SOYA) management systems were tested. When averaged between 2012 and 2014, regional results showed no seed yield responses in the South region, but multiple inputs affected seed yield in the North region. In general, the combination SOYA inputs resulted in the greatest yield increases (up to 12%) compared to standard management, but Bayesian economic analysis indicated SOYA had low break-even probabilities. Foliar insecticide had the greatest break-even probabilities across all environments, although insect pressure was generally low across all site-years. Soybean producers in North region are likely to realize a greater response from increased inputs, but producers across all regions should carefully evaluate adding inputs to their soybean management systems and ensure that they continue to follow the principles of integrated pest management.
widespread interest in maximizing soybean yield to capitalize on the increased profitability of producing soybean.
University Extension programs generally recommend minimal external inputs in a soybean production system beyond fertilizer, weed control, and an integrated pest management program (Conley and Smith, 2015) . The use of other soybean inputs such as seed-applied and foliarapplied insecticides and fungicides are only recommended in cases where the disease or insect pest population was determined to be at a critical treatment threshold (Ragsdale et al., 2007) . However, despite Extension recommendations, soybean producers seeking to maximize yield to take advantage of elevated soybean prices have looked toward increasing the number of inputs used as part of their soybean management system.
One input that has been widely adopted by soybean producers is the use of seed-applied fungicides and insecticides. Research from across the United States has generally failed to show consistent benefits from soybean seed treatment. Cox et al. (2008) found no differences in stand establishment and seed yield between untreated soybean seed and two insecticide/fungicide seed treatments, while Bradley et al. (2001) found that seed-applied metalaxyl increased soybean stands in 1 yr of a 2 yr study but seed yield was not affected in either growing season. Similarly, Bierman et al. (2006) evaluated six fungicidal seed treatments and their interactions with different herbicide programs but failed to observe a seed yield increase for seed treatment in any environment. On the other hand, some studies have reported seed yield increases associated with soybean seed treatments. Schulz and Thelen (2008) found that seed-applied metalaxyl and fludioxonil increased soybean seed yield in 3 of 16 siteyears but decreased seed yield in 2 of 16 site-years. Similarly, Gaspar et al. (2014) found that fungicide+insecticide and fungicide+insecticide+nematicide seed treatments consistently increased plant stands and seed yield over untreated seed, and Esker and Conley (2012) concluded that the seed yield and economic benefits of seed treatment varied greatly by cultivar and year but could be a cost-effective management practice at high commodity prices.
In addition to seed treatments, growers seeking to maximize soybean seed yield have considered adding inoculants as part of high-yield management programs. DeBruin et al. (2010) evaluated 51 inoculant products at 73 locations across five states (Indiana, Iowa, Minnesota, Nebraska, and Wisconsin) between 2000 and 2008 and found that inoculation had no effect on soybean seed yield in fields that had a history of soybean production. Other research from Mid-western soybean-producing areas has failed to show yield advantages for inoculation where there has been a history of soybean production (Ham et al., 1971; Nelson et al., 1978; Furseth et al., 2011; Furseth et al., 2012) . However, Schulz and Thelen (2008) found that inoculants increased soybean seed yield in 6 of 14 site-years in fields that had recently had soybean in rotation. Furthermore, Marburger et al. (2016b) found that soybean seed treated with an inoculant (Optimize) yielded 0.13 Mg ha -1 (4%) more than the untreated control and crop rotation and tillage practice did not interact (P > 0.05) with inoculant use to influence seed yield.
Along with seed treatments and inoculants, growers have also included inputs designed to affect soybean growth during the growing season. One such input is the herbicide lactofen {2-ethoxy-1-methyl-2-oxoethyl 5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-nitrobenzoate}. It has been suggested that lactofen applied at early vegetative growth kills the apical meristem, leading to increased branch node development and subsequently increased seed yield. Early studies examining lactofen for weed control purposes failed to observe seed yield increases for early season lactofen application (Kapusta et al., 1986; Harris et al., 1991; Wichert and Talbert, 1993) , while more recent work has shown that lactofen does not affect soybean branching or seed yield (Gregg et al., 2015; Mangialardi et al., 2016; Orlowski et al., 2016) .
Although soybean is a leguminous crop and, therefore, able to obtain N via symbiosis with Bradyrhizobium japonicum, soybean is also able to take up N from the soil. However, some commercial agronomists have recommended additional N fertilizer for high-yield soybean management. The effects of N fertilization on soybean yield have been mixed. Welch et al. (1973) found that N fertilizer either decreased or had no effect on soybean seed yield. Similarly, Gutierrez-Boem et al. (2004) found that two rates of N applied at growth stages R3 and R5 (Fehr and Caviness, 1977) had no effect on soybean seed yield. In contrast, (Sorensen and Penas, 1978) found that pre-plant N fertilization increased seed yield in 9 of the 13 study locations. Similarly, Ray et al. (2006) reported seed yield increases of 7.7% for non-irrigated soybean and 15.5% for irrigated soybean when N was applied at soybean emergence (Ray et al., 2006) and Salvagiotti et al. (2009) found N fertilization increased soybean seed yield by an average of 228 kg ha -1 over unfertilized soybean when yield levels were >4849 kg ha -1 . Like N fertilization, foliar fertilization of soybean is a practice that has been considered to increase soybean yield. Foliar fertilizers have been shown to increase seed yield when a specific nutrient was known to be limiting (Randall et al., 1975; Nelson et al., 2005; Ross et al., 2006) . However, multiple studies have failed to show widespread and consistent yield increases for foliar fertilizers in soybean not exhibiting visible deficiency symptoms. Haq and Mallarino (2000) summarized the effects of 27 early season N-P-K foliar fertilizations trials. Yield increases from foliar fertilization occurred in only 6 out of the 27 trials with an average seed yield increase of 0.4 Mg ha -1 . this study were to (i) determine the effect of high-input management systems and their individual input components on soybean seed yield and primary yield components and (ii) use the agronomic data to determine the economic break-even probabilities for individual inputs as well as high-input soybean management systems on a regional (North, Central, South) and national scale.
MATERIALS AND METHODS
Field trials were established in 2012, 2013, and 2014 in nine states (Arkansas, Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, Minnesota, and Wisconsin). At least two study locations were established in each state each year of the study, resulting in 60 total site-years ( Fig. 1) . All study locations chosen had a recent history of producing high soybean yields. In the fall of the preceding year or in the spring prior to planting, soil tests were taken at each study location to determine soil nutrient status (Table 1) . Study locations were chosen that were considered to have adequate soil fertility to support a high-yielding soybean crop. If necessary, inorganic fertilizers were applied to correct any nutrient deficiencies at rates recommended by soil test information. Study locations were managed by cooperating researchers at the major land-grant universities in the participating states. The majority of locations were planted in May in all years of the study. Plot size and row spacing (Table 1) varied according to equipment availability; however, all plots were planted at 432,000 seed ha -1 . The soybean cultivars used at each location were selected from commercially available glyphosate [N-(phosphonomethyl) glycine] resistant, Asgrow (Monsanto Company, St. Louis, MO) brand soybean cultivars. All cultivars chosen were of the appropriate relative maturity for the geographic area where the study sites were located. Where possible, the same cultivar was used in all 3 yr at a particular location, however, yearly changes in seed availability resulted in varietal changes at some locations.
Studies were established as an incomplete factorial experiment, arranged in a randomized complete block design with four replications at all locations. Inputs consisted of several commercially available inputs marketed to protect or increase soybean yield as well as a control that was managed according to each university's best management practices and considered to be the standard practice (SP) for the area where the study site was located. The SP did not include any of the products tested in the other study treatments at any location. All inputs were applied at rates and application volumes recommended by the product label. Three separate seed treatment inputs were included in the study (Table 2) . One was a fungicide only seed treatment composed of pyraclostrobin applied at 0.031 mg a.i. per seed, metalaxyl applied at 0.049 mg a.i. per seed and fluxapyroxad at 0.0161 mg a.i. per seed. Another was a fungicide+insecticide seed treatment that included pyraclostrobin, metalaxyl, and fluxapyroxad at the aforementioned rates with imidacloprid (N-{1-[(6-Chloro-3-pyridyl)methyl]-4,5-dihydroimidazol-2-yl}nitramide) at 0.2336 mg a.i. per seed, clothianidin [1-(2-Chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-nitroguanidine] at 0.13 mg a.i. per seed and Bacillus firmus at 0.026 mg a.i. per seed. The Max seed treatment had the same products as the insecticide+fungicide seed treatment but also However, the authors concluded that the observed yield increases seldom covered application costs.
The prophylactic use of foliar-applied fungicides and insecticides has also been considered by growers seeking to maximize soybean seed yield. However, yield responses to foliar fungicides have been inconsistent. Swoboda and Pedersen (2009) , and seed yield from application of foliar fungicides in a low-disease environment in Iowa. Similarly, Dorrance et al. (2010) observed soybean yield increases at only 6 out of 28 locations from fungicide application and Hanna et al. (2008) found that fungicide application did not affect soybean seed yield across a number of studies in Indiana. However, Henry et al. (2011) found that R4 application of foliar fungicide increased soybean seed yield by 3%, primarily through a 3% increase in seed mass.
Similar to foliar fungicides, foliar insecticides are effective at protecting soybean yield when insect pests are present. However, some studies have reported increased seed yield for soybean treated with foliar insecticides in the absence of insect pest pressure. Dorrance et al. (2010) found that foliar insecticide application increased soybean seed yield in two out of five locations in the absence of threshold level insect pests. Similarly, Henry et al. (2011) found that an application of a foliar insecticide increased soybean seed yield by 5% across three locations in Indiana in the absence of threshold levels of insect pests.
While previous research has reported on the effects of individual inputs on soybean yield, few studies have investigated the combination of multiple inputs to identify potential synergies between inputs as part of high-yield management systems. Recent research by Bluck et al. (2015) found little yield response from the incorporation of multiple inputs into a soybean management system and concluded that high-yield management had little potential to increase soybean seed yield in the absence of disease and nutrient deficiencies. In contrast, Marburger et al. (2016a) found that high-input management systems, similar to the ones investigated in this study, increased soybean yield between 3.5 and 5.5% compared to standard management systems across multiple cultivars at each study locations. However, despite observed yield increases, the authors concluded that grower return on investment would be negative at recent commodity prices. This study builds on the work of Marburger et al. (2016a) by evaluating the individual inputs as well as multiple high-input systems in order to identify specific inputs that may be driving the yield increase due to high-input management.
This study was conducted across 60 site-years over three growing seasons and therefore generated a very large dataset for analysis. A large dataset such as this one allows multiple avenues for analysis at multiple spatial scale ranging from individual site-years to national analysis across multiple soybean-producing regions. The objectives of included B. japonicum and lipo-chitooligosaccharide (LCO) at an application rate of 1.83 mL per kg seed and included a foliar applied LCO at a rate of 292 mL ha -1 . All seed treatment inputs were applied to untreated seed at the University of Minnesota using a rotary drum seed-treater and shipped to cooperating scientists prior to planting.
Nitrogen fertilizer was broadcast directly on the soil surface at V4 but was not incorporated. The fertilizer mix included urea (46-0-0) applied at 84 kg ha -1 and polymer coated urea (44-0-0) at 84 kg ha -1 . Lactofen herbicide (Defoliant) was applied at V4 at 240 g a.i. ha -1 with 1% volume volume -1 of crop oil concentrate added as an adjuvant to the spay mix. Foliar fertilizer (11-8-5-0.1-0.05-0.04-0.02-0.00025-0.00025%N-P 2 O 5 -K 2 0-Fe-Mn-Zn-B-Co-Mo) was applied at R1 at 4676 mL ha . N,N′-diformyl urea (Bio-Forge) was applied at R3 at 1169 mL ha -nitro-1,3,5-oxadiazinan-4 -imine} at 41 g a.i. ha -1 at R3 was used. The foliar fungicide+insecticide was a tank mix of the fungicide and insecticides at the aforementioned rates and timing.
Individual products were combined as part of high-yield management systems and are referred to here as SOYA. SOYA included the Max seed treatment, N, foliar fertilizer, N,N′-diformyl urea, foliar fungicide, and foliar insecticide at the rates and timings previously described. Four variations of SOYA were also included in this study. SOYA+D included the defoliant at the rate and timing described above. SOYA-N included all components of SOYA except N fertilizer. SOYA-FF was SOYA without the foliar fungicide and SOYA-FF+FI was SOYA without the foliar fungicide and foliar insecticide components (Table 2) .
Insects and diseases were scouted weekly at all locations. Disease and insect ratings were conducted for each plot at the R3 and R5 growth stages. Plots were harvested at R8 and grain weight and maturity were recorded for each plot. Grain weight was adjusted to a moisture content of 130 g kg -1
. During harvest, a ~500 g seed sample was collected from each plot and used to determine seed mass. Final stands counts were determined prior to plot harvest. Rainfall and temperature data was collected from the federal or state managed weather station nearest to the study location.
The data were analyzed within regions and on a national level. Regions were largely defined by latitude and length of growing season. The North region consisted of all locations in Michigan, Minnesota, and Wisconsin. The Central region consisted of all locations in Illinois, Indiana, and Iowa; and the South region consisted of all study locations in Arkansas, Kansas, and Kentucky. When analyzed across regions and nationally, input was the only fixed effect while year, location(year), and replication(location × year) and the overall error term were considered random effects. Input means were separated using Fisher's protected LSD at a critical value of P £ 0.05.
To perform an economic analysis, the marginal cost of each input above the SP was calculated (Table 3 ). The costs for each input were obtained from publicly available sources and industry representatives. Application costs were included for some inputs. It was assumed that the seed manufacturer would apply soybean seed treatments and the grower would not incur application cost. It was also assumed that lactofen could be applied to the soybean crop in a tank mix with a standard post-emergence herbicide application at V4 so no additional application costs would be incurred by the soybean producer. It was assumed that urea and polymer coated urea application would be applied with a ground driven fertilizer spreader and would therefore incur additional application costs. Stand reduction at this stage is negligible and would not result in a yield penalty for application (Hanna et al., 2008) . Application costs were incurred for foliar fertilizer at R1 because no late herbicide applications were required in our weed management programs and herbicides have been shown to reduce efficacy when tank-mixed with foliar fertilizers (Bernards et al., 2005; Scroggs et al., 2009) . Foliar applications were assumed to be applied with a ground driven sprayer with a large spray boom resulting in negligible yield loss (Hanna et al., 2008) . The inputs designated for application at R3 (foliar insecticide, foliar fungicide, N,N′-diformyl urea) would also incur application costs. For management that required multiple R3 inputs, it was assumed that the inputs were tank-mixed and would therefore only incur a single application cost.
Bayesian economic analysis was used to quantify the probability that revenue generated from yield increases associated with the use of additional inputs in a high-yield soybean management system would cover the costs associated with the use of the inputs (i.e., break-even analysis). The methods used for this analysis were similar to those used by Esker and Conley (2012) , DeBruin et al. (2010) , Johnson et al. (2009), and Munkvold et al. (2001) . Least square means estimates were obtained from the ANOVA's for each environment (site ´ year combination (n = 60). For this analysis, input was considered a fixed effect and replication was considered a random effect. Relative yield change (RYC) values were used to construct models to determine the effect of inputs across all environments, within the North, Central, and South regions. For these analyses, environment and input were considered fixed effects while the error term was considered a random effect.
Break-even analysis was conducted at three yield levels (Table 4) . Relative yield changes necessary to cover the costs of each input were determined by dividing the cost of the input by each combination of yield level and grain price. Individual %RYC for each input were subtracted from the minimum yield gain and then divided by the appropriate standard error to generate a t value. The SAS PROBT function (SAS Institute, Cary, NC) was used to estimate a one-tail probability, which in this case represents the probability of breaking-even for a particular input.
RESULTS
Temperature and precipitation patterns differed between locations and years (Table 4 ). In general, the 2012 growing season was very dry across most study locations. Study locations in Illinois, Kentucky, Iowa, Indiana, and Wisconsin had monthly rainfall totals well below 30-yr averages while study locations in Minnesota received near normal rainfall amounts. Irrigation at locations in Arkansas and Kansas helped compensate for reduced rainfall, but both states experienced above average temperatures throughout the entire growing season. The 2013 growing season provided very favorable growing conditions at most study locations. Climatic conditions during the 2014 growing season were more variable than the 2013 growing season. While planting was delayed at a number of locations due to above-average spring rainfall, study locations received adequate rainfall and temperatures that resulted in high yields at all locations. When analyzed across site-years within the South region, seed yield, seed number, seed mass, and final stands did not respond to inputs (Table 5) . Seed yield averaged 4.15 Mg ha -1 across all inputs in this region (Table 6 ). In the Central region of this study, which included all study locations in Illinois, Indiana, and Iowa, inputs affected seed yield and seed mass but not seed number or final stands (Table 5 , respectively) when compared to the SP. All SOYA combinations increased seed yield compared to the SP. However, while SOYA-FF+FI increased seed yield by 6.3% compared to the SP (4.37 vs. 4.11 Mg ha ). Interestingly, all inputs except the foliar insecticide and foliar fungicide+insecticide increased final soybean stands compared to the SP (Table 6) .
When data were analyzed across all environments, inputs affected seed yield, seed number, and seed mass but not final stands (Table 5) . Foliar fungicide, foliar insecticide, foliar fungicide+insecticide, and all SOYA combinations increased seed yield compared to the SP (Table 7 ). All inputs that increased seed yield over the SP also increased seed mass compared to the SP. Only SOYA and SOYA-FF increased seed number compared to the SP (2629 and 2620 seeds m -2 vs. 2560 seeds m -2 , respectively). While seed yield increases were observed for a number of inputs both nationally and within regions, input costs must also be considered to help inform grower decision making. When the data were analyzed across all environments, relative yield changes for inputs ranged from -2.5% to 7.4% (Table 8) . Seed treatment inputs had low breakeven probabilities. The fungicide and fungicide+insecticide seed treatments had break-even probabilities well below 50% at all yield levels and soybean sale prices. The Max seed treatment had greatest break-even probability (48%) only at the highest yield level (5.0 Mg ha North *** *** *** ** All *** *** *** NS ** Significant at the P < 0.01 probability level.
*** Significant at the P < 0.001 probability level. † NS, no significant differences at P £ 0.05.
responses as well as treatment costs. Break-even probabilities for the foliar fertilizer and N were similarly limited across all yield levels and soybean sale prices (Table 8) .
Of the late-season (R3) inputs, the foliar insecticide had the greatest break-even probabilities across all yield levels and soybean sale prices. Break-even probabilities for the foliar insecticide were >50% at all except the lowest yield level and soybean sale price with break-even probability >90% at the 5.0 Mg ha -1 and $0.55 kg -1 soybean sale price (Table 8) . Despite similar %RYC values as the foliar insecticide (2.5 vs. 2.7%, respectively) the foliar fungicide has much lower break-even probabilities due to greater input costs (Table 3 .) The combination of the foliar fungicide and foliar insecticide resulted in greater RYC than either input alone (4.9%) (Table 8 ). However, break-even probabilities were decreased compared to the foliar insecticide, although at the 5.0 kg ha -1 yield level and $0.55 kg -1 yield level the break-even probability for the foliar fungicide+insecticide was 85%. The N,N'-diformyl had low break-even probabilities across all yield levels and soybean sale prices. The SOYA treatments resulted in the largest RYC values. However, break-even probabilities were 0% for all yield levels and soybean sale prices, due to very high input costs (Table 8 ).
In the South region break-even probabilities were <50% for all seed treatment inputs across all yield levels and soybean sale prices (Table 9 ). Similar to national trends, the foliar fertilizer and N had relatively low break-even probabilities (<50%). In contrast, break-even probabilities were >50% at most yield levels for the defoliant in the South region. Also in contrast to the national data, break-even probabilities were limited for the foliar insecticide with a maximum break-even probability of only 27%. However, similar to the national data the SOYA treatments had the highest %RYC values but had 0% break-even probabilities at most yield levels and soybean sale prices.
Similar to the South region, in the Central region the seed treatments and early-season inputs (defoliant, N, foliar fertilizer) had <50% break-even probabilities across all yield levels and soybean sale prices (Table 10) . Unlike the South region, the foliar insecticide had the greatest break-even probabilities, with a maximum break-even probability (69%) achieved at the 5.0 Mg ha -1 yield level Table 8 . Relative yield change and break-even probabilities for inputs compared to the standard practice at multiple yield levels and soybean sale prices across all environments between 2012 and 2014. Table 9 . Relative yield change and break-even probabilities for inputs compared to the standard practice at multiple yield levels and soybean sale prices for studies across the South region (Kansas, Kentucky, Arkansas) between 2012 and 2014. and 0.55 kg -1 soybean sale price. The SOYA treatments had a 0% break-even probability across all yield levels and soybean sale prices.
Responses to inputs were much greater in the North region as compared to the South and Central regions (Table 11 ). The fungicide seed treatment had break-even probabilities >50% at all multiple yield levels and soybean sale prices, while the Max seed treatment had ³50% break-even probabilities at all but the lowest yield level and soybean sale price. Foliar fertilizer had greater breakeven probabilities than the South and Central regions, although it achieved >50% break-even probability only at the highest yield level (5.0 Mg ha -1 ) and soybean sale price ($0.55 kg -1 ). In contrast to the South region, breakeven probabilities for the defoliant were 0% at all yield levels and soybean sale prices, while the foliar insecticide Table 10 . Relative yield change and break-even probabilities for inputs compared to the standard practice at multiple yield levels and soybean sale prices for studies across the Central region (Illinois, Indiana, Iowa) in each site-year, which likely affected seed yield responses to the SOYA and SOYA-FF treatments. On a national scale, Marburger et al. (2016a) observed a maturity group × cultivar interaction. Yield increases for SOYA over the SP ranged from 4.6 to 7.0% while yield increases for SOYA-FF ranged from 2.4 to 5.6%, depending on maturity group. These results are largely similar to the results observed in this study with SOYA increasing yield by 7.3% and SOYA-FF increasing yield 5.6%, compared to the SP. Despite increased seed yield, Marburger et al. (2016a) concluded that both SOYA and SOYA-FF would both result in a negative return on investment (ROI) for soybean producers who utilized these highinput management systems.
Soybean producers interested in maximizing yield would be better served to identify specific inputs that give them the best chance of increasing soybean profitability. Although responses were observed in individual site-years, when averaged across environments seed yield responses were not observed for any inputs in the South region. This is surprising since pest pressure is generally considered to be greater in southern environments compared to more northern environments. However, disease and insect ratings across the South region indicated both insect and disease pressure was minimal in all study environments (data not shown). In growing seasons with much higher pest pressure, yield responses to inputs such as seed treatments, foliar fungicides, and foliar insecticides could likely be expected.
In the Central region, which encompasses the majority of the soybean land areas in the United States, only SOYA increased seed yield over the standard practice. However, Bayesian analysis indicated that SOYA had limited chance of breaking even due to high input costs. While they did not significantly increase seed yield, the foliar fungicide, foliar insecticide, foliar fungicide+insecticide and two other SOYA variations increased seed mass compared to standard practices. Numerous previous studies have shown that yield increases are often the result of increased seed number (seeds m -2 ) (DeBruin and Pedersen, 2008; Gaspar and Conley, 2015) , but few studies have reported yield increases due to increased seed mass. Seed number (R1-R5) (Egli and Yu, 1991; Board and Tan, 1995) is determined prior to seed mass (R5-R6), so inputs such as foliar fungicide and/or foliar insecticide applied at R3 (beginning of pod development) would be expected to affect seed number and not seed mass. The same trend was observed and markedly more pronounced in the North region, with inputs containing the foliar fungicide and/or the foliar insecticide increased seed yield over the SP and also had greater seed mass compared to the SP.
To affect seed mass the foliar fungicide and/or foliar insecticide must have either suppressed disease and/ or insect populations at R3, or provided residual control of soybean pests until the R5-R6 growth stages. Furthermore, in the North region SOYA without the had 99% break-even probabilities at all yield levels and soybean sale prices. Foliar fungicide achieved breakeven probability >50% only at 5.0 Mg ha -1 and $0.55 kg -1 . However, when the foliar fungicide was combined with the foliar insecticide (foliar fungicide+insecticide) RYC increased to 11.2% resulting in 98 to 99% breakeven probabilities at all but the lowest yield level and soybean sale price. SOYA had similar RYC to the foliar fungicide+insecticide, however, break-even probabilities were low due to greater input costs (Table 3 ). Similar to the other regions, all SOYA treatments had low breakeven probabilities, except SOYA-N (63%) and SOYA-FF (86%) which had >50% break-even probabilities at the 5.0 Mg ha -1 and $0.55 kg -1 soybean sale price.
DISCUSSION
This study is one of the first studies to evaluate a number of individual soybean inputs as well as multiple high-input management systems across the major soybean producing regions in the United States. The majority of yield increases observed both for individual inputs and high-input systems were in the North region, with little response to inputs in the Central and South regions. The high-input SOYA systems resulted in the increases in seed yield, but had low break-even probabilities across a wide range of soybean sale prices and yield levels. These results support the findings on a companion study, (Marburger et al., 2016a ) that was conducted concurrently with this study and compared the SOYA and SOYA-FF input system to the SP across multiple cultivars at similar regional and national scales. In contrast to the lack of yield response observed in this study, Marburger et al. (2016a) found that SOYA increased seed yield by 4.3% and SOYA-FF increased seed yield by 2.5% compared to the SP in the South region (Table 6 ). In the Central region, Marburger et al. (2016a) found that both SOYA and SOYA-FF treatments increased yield compared to the SP by 6.2 and 5.1%, respectively. The yield increase observed by Marburger et al. (2016a) for SOYA in the Central region was slightly greater than the one observed in this study (6.2 vs. 4.9%), while in this study no yield increase was observed for SOYA-FF. In the North region Marburger et al. (2016a) found that SOYA increased seed yield by 7.4%, while SOYA-FF increased seed yield by 5.3% compared to the SP. However, unlike in the South and Central Regions, SOYA increased seed yield by 2.0% over SOYA-FF. Seed yield increases observed in the North region of this study were greater than those observed by Marburger et al. (2016a) , as SOYA increased yield by 11.9% and SOYA-FF increased yield by 10.7%. However, there were no differences in seed yield between SOYA and SOYA-FF in this study. While this study and Marburger et al. (2016a) were conducted in the same environments, the data presented by Marburger et al. (2016a) was combined across multiple (n = 6) cultivars foliar fungicide and foliar insecticide (SOYA-FF+ FI) had lower seed mass and seed yield than the foliar fungicide+insecticide, SOYA and SOYA-N, indicating that the foliar fungicide and foliar insecticides increased yield through an increase in seed mass. It appears that pest pressure during seed filling (R5-R6) is important to seed yield determination in these environments. While large responses were observed for the use of the foliar insecticide in the North region, it is important to note that threshold level insect populations (soybean aphid [Aphis glycines]) were observed in only 5 out of 18 siteyears in the North region. Researchers at all other North region site-years reported very low levels of insect pests. The yield increases observed with the foliar insecticide, both in the presence and absence of threshold levels populations, as well as the high break-even probabilities would seem to suggest that soybean growers in the North region should always apply a foliar insecticide, regardless of insect pest pressure. However, a foliar insecticide application at suboptimal insect thresholds would be highly inadvisable. Insects have been shown to develop resistance to various insecticides due to the repeated used of a single chemical or mode of action (Elzen and Hardee, 2003; Ragsdale et al., 2007; Bielza, 2008) . The prophylactic application of foliar insecticides would greatly increase selection pressure in favor of resistant individuals and populations, potentially leading to widespread insecticide resistance. Instead of considering planned insecticide applications regardless of pest pressure, soybean producers should closely monitor insect populations through scouting and only apply insecticides once pest populations reach threshold levels as part of integrated pest management (IPM) systems ( Johnson et al., 2009) . By continuing to practice IPM, soybean producers across the country will help to ensure that insecticides (as well as fungicides and other crop protection inputs) are still efficacious when threshold level pest populations do threaten a soybean crop.
On the other hand, the results of this study indicate that foliar insecticides, and to some extent foliar fungicides, are increasing soybean yields in the North region (Michigan, Minnesota, Wisconsin) even in the absence of threshold level insect pests. However, the reason for the observed yield response to these products is unclear. Perhaps, threshold levels for treatment of insects were too high for soybean in this study or yield was affected by the combined effects of multiple low-level pests. Alternatively, previous studies have reported that a certain class of foliar fungicides (i.e., strobilurins) can cause changes in plant physiology such as increased chlorophyll content, increased photosynthetic rates, and delayed senescence (Grossmann and Retzlaff, 1997; Grossmann et al., 1999) . Perhaps foliar insecticides result in similar changes under certain environmental conditions. Further research needs to be conducted to elucidate the mechanisms for yield increases observed for foliar insecticides observed in this study.
While positive yield responses were observed for inputs such as the foliar fungicide and foliar insecticide, there were inputs where no yield increases were observed at either the regional or national scale. For example, foliar fertilizer did not affect yield in any region or nationally. This finding supports the findings of numerous previous studies that also failed to observe increased seed yield with the use of a foliar fertilizer (Parker and Boswell, 1980; Haq and Mallarino, 2000; Mallarino et al., 2001 ). Similarly, this study did not observe increased seed yield with the defoliant. These findings support recent studies which also did not observe increased seed yield with defoliant use (Gregg et al., 2015; Orlowski et al., 2016; Mangialardi et al., 2016) . Finally, increased seed yield was not observed for N,N'-diformyl. A lack of seed yield response to N,N'-diformyl was also reported by Gregg et al. (2015) .
CONCLUSIONS
Due largely to increased commodity prices in recent years, many soybean producers have considered switching to high-input management systems in place of recommended management systems based on the principles of IPM, despite the lack of un-biased information about the effects of such systems on soybean yield. The purpose of this study was to examine several high-input soybean management systems as well as the individual inputs that were components of these systems on a regional and national scale. Yield response to high-input management systems appeared to vary by region, with no responses observed when averaged across environments in the South region (Arkansas, Kansas, Kentucky) and extensive yield increases observed in the North region (Michigan, Minnesota, Wisconsin). On the national level, all of the high-input systems increased yield compared to standard practices; however, break-even analysis indicated that these systems presented soybean producers with no (0%) opportunity to breakeven financially from adopting these systems across a wide range of yield levels and soybean sale prices. While the high-input systems held little promise for increasing producer profitability, the data revealed that foliar insecticide applied at R3 resulted in significant break-even probabilities. This response was driven by a robust response to the foliar insecticide in the North region, despite threshold levels of insect pests. Additional research is needed to determine the reason for the foliar insecticide responses observed in this study to ensure both the maximization of soybean producer profitability as well as the continued utilization of IPM in soybean production systems.
